For many years the domains of medicine and health care have offered challenges of measurement and control which have attracted the considerable interest of engineers and related professionals having expertise in these technical disciplines. What is the nature of these challenges?
First physiological systems are exceedingly complex, yet are highly robust and function effectively. For example, internal body temperature is extremely well regulated regardless of extreme variations in environmental conditions. Can the engineer learn something from such physiological measurement and control systems that can be transferred to other technical domains?
Equally when trying to understand the dynamic behaviour of, for instance, the chemistry of the human organism through the development of appropriate models, the fact that it is difficult, if not impossible, to obtain continuous measurements of all the key variables poses considerable challenges for the modeller. These difficulties have resulted in much research being carried our into more effective means of achieving inferential measurement, with particular emphasis upon the development of good modelling methodology with validation as very much as integral ingredient.
The processing and interpretation of physiological signals has for many years attracted the attention of biomedical engineers and colleagues, particularly those reflecting the electrical activity of the human organism, including the ECG and EEG signals. Given the complexities of the processes which give rise to these signals, work in this area has led to many advances in the development of signal processing methods in both time and frequency domains, including novel methods employing higher-order statistical processing and more recently a variety of knowledge-based approaches to signal interpretation.
Increasingly modelling and control are moving from being tools employed just in physiological research to finding an ever increasing role in supporting the clinical team in the management of the patient. Examples can be found across the medical spectrum from the high-dependency medicine of the operating theatre and the intensive care unit to the management of the patient with chronic disease in the primary care sector and in the community. For instance on-line control schemes have for a number of years now been used to control the infusion rates of drugs designed to control blood pressure in patients following cardiac surgery. Equally at the other end of the spectrum model-based control schemes have been devised to provide advice for the diabetic patient regarding the dosage of insulin injections designed to control their blood glucose level.
Developments in this challenging application domain show no sign of diminishing. Just as several decades ago the challenges and contraints of physiological and biomedical systems were highlighting the limitations in measurement and control techniques and hence providing a spur to innovation, so it is today. At the same time much of the technology of measurement and control in the biomedical context has now reached a level of maturity, reliability and acceptability such that clinical adoption becomes much more widespread. Moreover, it is not just the members of the clinical team who are the immediate beneficiaries of these advances. Patients themselves are increasingly benefitting, particularly with advances in web-based technology such that model-based decision support systems become readily accessible in what can be seen as moves towards 'eHealth'.
Transactions has reported many technical advances in relation to biomedical systems over the past 30 years and more of the present century. (Note that my measurement system has a century consisting of 100 years and a millennium of 1000, not the figures of 99 and 999 which appear to be accepted in some quarters!) Equally the Institute of Measurement and Control has been a pioneer in organizing major conferences and symposia on a range of topics relating to biomedical measurement, modelling and control. Hence it is entirely appropriate that this special issue in the last year of the millennium should have its focus set firmly in the biomedical and health care domain.
This issue and the following issue contains seven articles that have been written by members of a number of the leading centres in this biomedical field drawn from across Europe. Clearly they can only give a flavour of some of the leading work that is currently being undertaken. However, they do offer insights into some of the advances being made in signal processing, in measurement, modelling and control both in the context of clinical research as well as in relation to the clinical management of the individual patient.
The first three papers in this issue focus on the role of electrical signals produced by the human body, employing novel processing techniques in order to gain clinically relevant information regarding the state of the human organism in the healthy state and in disease conditions.
In the first of these, Bianchi and colleagues describe recent work in timefrequency analysis of biomedical signals. Frequency domain analysis is widely adopted for the quantification of many clinical and physiological phenomena. However, this requires that the signal should be stationary in the analysis window, whereas in practice many biological situations are characterized by dynamic evolution; hence the adoption of time-frequency methods. The authors describe the Cohen class of distributions, the wavelet transform and recursive autoregressive estimation. These are illustrated in the context of clinical applications which include time-varying analysis of heart rate variability during drug infusion, evaluation of the dynamic power distribution in the EEG signal during surgery and single sweep analysis of evoked potentials. The relative merits of the methods adopted are reviewed, demonstrating the capability of particular features of the procedures presented to enhance different characteristics of the signals concerned.
Hernandez and colleagues focus on beat-to-beat detection of electrical atrial activity of the heart, a subject of long-standing interest in the biomedical field. Whilst a range of detection schemes and algorithms has been proposed, most have been found to be unsatisfactory, particularly when incorporated in schemes for the accurate automatic detection of supraventricular arrhythmia, principally in ambulatory applications and in coronary care units. The paper proposes a classification stage as a new decision strategy to improve a detector of the P-wave of the ECG signal previously developed by the group. A comparative quantitative evaluation is presented of the original detector, the classification stage proposed and two other classical P-wave detectors, this comparison being based on calculation of their receiver operating characteristic (ROC) curves. The results demonstrate the increased improvement in detection provided by this new development. Sabry-Rizk et al. present evidence which suggests that electromyographic (EMG) signals obtained during healthy uterine contractions may have a fractal temporal structure. These contractions typically begin during the 16th week of pregnancy and increase both in frequency and in strength up to the end of pregnancy. The investigation centres on the possibility that time series generated by labour physiological control systems may be members of a special class of complex processes which are noise driven and which may require more than one exponent to characterize their fractal scaling properties. A simplified version of the Hurst analysis algorithm is used to detect fractility in abdominal EMG signals and quadratic Volterra structures are used to estimate nonlinearity. A loss of chaoticity is revealed in very early segments of uterine contractions for a typical case of uterus exhaustion in a prolonged labour ending in a Caesarian section. Results are shown for normal, prolonged and preterm labour.
In the fourth paper in this issue Hughes et al. demonstrate the role of modelling as it impacts not only directly upon the clinical care of the individual patient, but also upon the associated issues of resource management. The focus is the patient, for example in a high-dependency environment whereby they might progress from operating theatre to intensive care unit to the general ward. In this situation there is the need to match the necessary resources of bed plus associated clinical and support personnel (bedslot) to the needs of the patient as they progress through the care system. This implies the need to be able to predict which patients will require admission to which clinical units and their likely length of stay in each unit in order to achieve the best possible scheduling of patients. In the paper a model, based on coloured-timed Petri nets, is proposed as a means of assisting the human operator to evaluate a schedule by simulating the flow of patients through a progressive care system.
The three papers which will complete this special issue in volume 22, number 4 will focus on issues of measurement and control in the clinical context. The topics included will embrace sensor technology for the control of cardiac pacing, a multi-sensor fusion system for the monitoring and control of the depth of anaesthesia in the operating theatre, and an example of designing clinical control systems in which standard control system approaches need to be complemented by the added dimension of medical expertise.
Together this set of papers illustrates that the challenges of the biomedical domain are still alive and well. They continue to provide opportunities for advance in measurement, modelling and control methods as well as helping to offer solutions that are increasingly impacting on the delivery of health care and associated research activities.
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